We describe a scheme for far-field subwavelength spectroscopy and imaging in the mid-IR and THz bands. This approach is based on scattering from an acoustic grating and can recover both the amplitude and the phase of the incident field.
The mid-IR and THz spectral bands are extremely important in chemical analysis [1, 2] . However, the conventional λ/2 diffraction limit, severely constrains the spatial resolution of IR and THz spectroscopy. In particular, the scale of the smallest resolved features in biological samples is comparable to the size of cells (5-30 µm) . To perform imaging of subcellular chemistry and other nanoscale processes, submicron resolution is required.
There exist certain techniques that can improve spatial resolution of optical imaging systems beyond the diffraction limit. One category of methods includes scanning probe setups [3] . Another set of approaches utilizes nonlinear optics (e.g. coherent anti-Stokes scattering [2] or saturable fluorescence transitions [4] ). Most above solutions are complicated and expensive, which limits their widespread availability, as well as their potential for creating integrated devices. In addition, some setups may be difficult to adapt for operation in mid-IR or THz. These drawbacks may be remedied with the emergence of metamaterials-based devices which promise to be low-cost and spectrally adaptable. Such devices work by recovering the evanescent waves and the concomitant information about the object's fine structure. Existing experiments, however, either show exponential sensitivity to losses [5] , or allow the diffracted evanescent waves to mix with the existing propagating spectrum, again leading to the loss of information about the target [6] .
Recently, an alternative approach to far-field spatially resolved spectroscopy of subwavelength structures was described [7] . The proposed device converts mid-IR evanescent waves to propagating waves via scattering on acoustic phonons. These scattered and frequency-shifted waves can be easily decoupled from the existing propagating spectrum that forms the regular diffraction-limited image. The total detected signal, thus, contains information about subwavelength features that can be utilized in fingerprinting and spectroscopy applications. The loss of phase information, however, makes it difficult to generate a super-resolved image.
Here we present a further development of this approach. We discuss a method (spatial Fourier transform infrared spectroscopy, or S-FTIR), which allows to preserve phase information, making it possible to perform 3D subwavelength imaging. Furthermore, we simulate the performance of the system using a standard 2D optical resolution target and show that the imaging process is robust to realistic experimental noise levels.
The proposed super-resolution system is shown in Fig. 1(a) . The object, placed in the near field of an acoustooptic modulator (AOM), is illuminated by a mid-IR or THz source. In the AOM, the dielectric permittivity is modulated by a running acoustic wave as = + ∆ cos(qx − Ωt). Due to scattering on the acoustic waves, the transverse wave vector of both the evanescent and the oblique waves is reduced by q, while its corresponding frequency is shifted by Ω. As a result of this wavenumber reduction, a range of waves that start out as evanescent waves (k x > k 0 ) become propagating, contributing to the far-field detected intensity.
To perform phase recovery, a portion of the illuminating radiation is shifted in frequency by Ω b using a second AOM. Unlike the modulator that interacts with light scattered from the sample in the Raman-Nath regime, this second AOM utilizes an appropriately oriented and longer cell to produce Bragg scattering. This results in a strong optical signal at frequency ω
, which is projected onto the detector [see Fig. 1(a) ]. Interference between the two optical signals produces beat note photocurrents 
where ∆Φ ± = (k b − k) · r − φ ± is the phase difference between the signal from the Bragg cell, |Ã b | exp(ik b · r), and the Raman-Nath-scattered signalÃ ± exp(ik · r) = |Ã ± | exp[i(φ ± + k · r)].
Of special interest is the component at frequency Ω+Ω b , which carries the high spatial frequency information contained in its modulus and phase. Both of these quantities can be retrieved using lock-in techniques (with the sum frequency of the two RF AOM driving signals as reference). As a result, complete information can be obtained about the complex high spatial frequency componentÃ − , from which it is straightforward to deduce the field E in (k x + q). By scanning through the CCD pixels and the acoustic wave vector q, information can be collected about the spatial spectrum of the object. The data can then be digitally processed to produce a spatial-domain image containing subwavelength details, as well as phase contrast.
We simulate the performance of the system by first using Eq. (1) to compute the response of the system to a unit-amplitude broadband calibration signal. The system's response to a test signal is then computed. It should be emphasized that any method that relies on digital processing of raw data can suffer form rapidsometimes exponential [5] -accumulation of noise. To address this potential issue, in our computations we add a normally-distributed random term to the AC amplitude of Eq. (1). Because SNR is expected to be lowest for maximum values of the acoustic wavevector q, we consider SNR=10 for q = 25 ω/c. In Fig. 1(b) we plot the simulated retrieved field magnitude. Zooming in on the central part of the test patten (figure inset) it is evident that every line group is distinctly resolved. Furthermore, because the phase information is preserved, the full 3D information about the target is collected.
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